INTRODUCTION
Salmonella enterica, an intracellular Gram-negative bacterium, is the causative agent for a wide spectrum of clinical diseases with manifestations ranging from asymptomatic carriers, self-limiting gastroenteritis to fatal systemic infection (1, 2) . There are over 2500 Salmonella serovars, of which, some are host adapted such as serovar Typhi and Paratyphi in humans, while others, such as Typhimurium and Enteritidis, have a broad host range and are capable of infecting multiple organisms. In humans, Salmonella typhi causes a systemic disease, typhoid fever, which has a global health burden of 26.9 million cases and 200,000 deaths annually (3) . In humans, Salmonella typhimurium is the causative agent of salmonellosis, a self-limiting gastroenteritis that results from the consumption of contaminated food or water. The emergence of multi-drug resistant strains of Salmonella in recent years highlights the need for a more comprehensive understanding of the pathogenesis of Salmonella infection and for the identification of novel drug targets for vaccines and therapeutics (4) .
Salmonella is a natural pathogen of mice and infection with Salmonella typhimurium results in a typhoid-like systemic disease. This murine experimental model has been used to identify several genes and pathways involved in disease pathogenesis (5) (6) (7) (8) (9) . As there is limited genetic variation within the classical inbred strains, the use of wild-derived strains of mice, such as MOLF/Ei contributes added genetic diversity and has allowed for the identification of novel genes that play an important role in innate immunity (10) (11) (12) (13) . Classical and wild-derived strains of mice exhibit a range of susceptibilities to Salmonella infection; for example, the C57BL/6J classical inbred strain are extremely susceptible to infection with Salmonella typhimurium due to a mutation in Slc11a1 (solute carrier family 11 member 1), while the 129 sub-strains are highly resistant (14) . The wild-derived mouse strain, MOLF/Ei is also susceptible to infection despite carrying functional copies of genes known to be important in Salmonella infection, such as Slc11a1 and Tlr4 (toll-like receptor 4) (6, 10) .
In order to identify the genetic determinants involved in the susceptibility of MOLF/Ei mice to Salmonella infection, we have previously used linkage analysis in an F2 panel of (C57BL/6 × MOLF/Ei) mice to identify two loci linked to host defense against Salmonella typhimurium, Ity2 (Immunity to Typhimurium locus 2) and Ity3 (10, 12) . The MOLF/Ei allele at the Ity2 locus improves resistance to infection, whereas MOLF/Ei allele at the Ity3 locus confers susceptibility (15) . Validation and fine mapping of Ity3 locus were done using congenic B6.MOLFIty/Ity3 mice (12) and a panel of 12 sub-congenic mice (16) . Using this approach, the Ity3 locus was refined to a 24 Mb interval and was shown to carry two sub-loci, Ity3.1 and Ity3.2 that together contribute to increased susceptibility to infection (16) . The Ity3.1 sub-locus controls NADPH oxidase activity and is characterized by decreased reactive oxygen species (ROS) production, reduced inflammatory cytokine response, and increased bacterial burden. The Ity3.2 sub-locus is characterized by a hyper-responsive inflammatory cytokine phenotype after exposure to Salmonella (16) . Sequencing, expression, and functional data support the candidacy of Ncf2 (neutrophil cytosolic factor 2 a subunit of NADPH oxidase) as the gene underlying the Ity3.1 sub-locus (13) .
In the current study, we used global expression profiling to better understand the genetic networks that are being influenced by the Ity3 sub-loci and to identify potential candidate genes for the Ity3.2 sub-locus. We illustrate the impact of the Ity3.1 sublocus on cell death and cytoskeletal reorganization, hematopoiesis as well as propose the candidacy of Selp (selectin P) as one of the candidate genes underlying Ity3.2 based on expression analysis, coding sequence polymorphism, and functional and allelic complementation studies.
MATERIALS AND METHODS

ETHICS STATEMENT
All animals were maintained at the Animal Care Facility of McGill University according to the guidelines of the Canadian Council on Animal Care (CCAC). The animal protocol for this study was approved by the McGill University Animal Care Committee.
ANIMALS
Classical inbred strain C57BL/6J and wild-derived MOLF/Ei mice were used to generate congenic, B6.MOLF-Ity and B6.MOLFIty/Ity3 and sub-congenic mice as described previously (12, 16) . The susceptible Ity3 and resistant Ity mice, as well as the intermediate B6.MOLF-Ity/Ity3.RecN and B6.MOLF-Ity/Ity3.RecG mice were used for the microarray expression analysis, while the B6.MOLF-Ity and B6.MOLF-Ity/Ity3, crossed with B6.129S7-Selp tm1Bay /J ordered from the Jackson Lab (Bar Harbor, ME, USA), were used for the complementation assay.
IN VIVO SALMONELLA INFECTION
Mice aged 7-12 weeks were infected with Salmonella typhimurium strain Keller as described previously (12, 16) . Briefly, mice were inoculated with 0.2 ml of physiological saline containing 10 3 colony-forming units of bacteria through the caudal vein. The infectious dose was verified by serial dilutions on trypticase soy agar. Mice were either monitored for survival or euthanized at day 3 or day 5 post-infection for organ collection. The animals were monitored two to three times daily and mice showing body condition scoring <2.0 were used for clinical endpoint (17) . Survival analysis was conducted using a Kaplan-Meier survival test.
MICROARRAY EXPRESSION ANALYSIS
RNA was extracted from the spleens of mice, which were collected before infection and at day 3 post-infection. The RNA extraction was carried out using TRIzol reagent (Invitrogen Canada, Inc., Burlington, ON, Canada). Three age-matched male mice were used per group. The concentration of RNA was determined using a NanoDrop spectrophotometer (Thermo-Fisher Scientific, Waltham, MA, USA). All hybridization and scanning of mice microarrays were carried out at the McGill University and Genome Quebec Innovation Centre, using the Illumina BeadArray technology (Illumnia Inc., San Diego, CA, USA). The expression data were analyzed using FlexArray and normalized using a Lumi algorithm (Illumnia). Following the normalization, two approaches were used to generate a list of genes differentially expressed across the various strains. First, a Cyber t -test (Baladi and Long) (18) was used to generate a list of genes differentially expressed during infection, by comparing the fold change in expression of each gene between infected and uninfected samples for each strain. These gene lists were further refined using the Benjamini Hochberg false discovery rate algorithm. Genes with an FDR p-value <0.1 and a fold change of >2 were used to generate a final list of genes, which represented genes differentially regulated in each strain upon infection.
A second approach was used to generate a list of genes that were differentially expressed at each time point, as compared to the control Ity strain. This was done by comparing the expression of genes in each strain to the control Ity strain at both day 0 and day 3 post-infection. The gene lists were further refined using the Benjamini Hochberg false discovery rate algorithm. Genes with an FDR p-value of <0.05 was used as a cut-off to characterize genes as significantly differentially regulated as compared to Ity. The gene lists generated using the two approaches were studied using a suite of online tools including DAVID (19) , GeneGo (MetaCore, Thomson Reuters) and Gene Mania (20, 21) .
SEQUENCING OF Selp
Sequencing was performed on PCR-amplified cDNA from Ity and Ity3 congenics obtained by reverse transcription of Trizol spleenextracted RNA to determine genetic variation between C57BL/6J and MOLF/Ei alleles of the Selp candidate gene. Sanger sequencing was completed at the McGill University and Génome Québec Innovation Centre.
ALLELIC COMPLEMENTATION ASSAY
In order to study the effect of a MOLF/Ei Selp allele on susceptibility to infection, we carried out a complementation cross. Selp knock-out mice, B6.129S2-Selp tm1Hyn /J (Selp −/− ) were ordered from the Jackson Laboratories (Bar Harbor, ME, USA). These mice were on C57BL/6J background with a mutant Slc11a1 allele. In order to correct for this, we crossed the Selp −/− mice to Ity as well as to the Ity3 mice. Mice were genotyped for the Selp −/− allele, and mice carrying the MOLF/Ei Slc11a1 allele along with the Selp −/− allele were inter-crossed to generate homozygous Selp −/− mice with a MOLF/Ei allele at the Slc11a1 gene. Furthermore, these mice were crossed with Ity or Ity3 mice to generate mice, which are homozygous wild-type at Slc11a1, but carry a Selp knock-out allele complemented by either a C57BL/6J or MOLF/Ei allele ( Figure S1 in Supplementary Material).
BACTERIAL LOAD ENUMERATION
For bacterial burden quantification in the spleen and the liver, mice were euthanized using CO 2 and at the required day post-infection; both organs were removed aseptically, weighed and homogenized using a Polytron (Kinematica, Bohemia, NY, USA). The resulting homogenate was diluted in 0.9% saline and plated on tryptic soy agar to determine organ bacteria burden.
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STATISTICAL ANALYSIS
Statistical analysis was performed using Graph Pad Prism 6 (GraphPad Software, San Diego, CA, USA). One-way ANOVA with Dunnet's multiple correction test was used to analyze the bacterial burden in the spleen. A corrected p-value <0.05 was used to establish significant differences.
RESULTS
Ity3 INFLUENCES THE EXPRESSION OF SPECIFIC GENES AND PATHWAYS DURING INFECTION
The Ity3 locus is a complex QTL containing at least two sub-loci. We have previously studied the phenotypic impact of these two sub-loci (16) , and in order to further characterize the genetic networks that are affected by the MOLF/Ei allele at the Ity3 locus, we have used a microarray expression approach. Using this approach, we should be able to characterize and identify candidate genes within each sub-loci and identify pathways, which affect the host immune response to Salmonella infection. We studied the splenic global expression profile of infected and uninfected congenic resistant B6.MOLF-Ity (Ity), susceptible B6.MOLF-Ity/Ity3 (Ity3), and Ity3.RecG and Ity3.RecN strains. These two sub-congenic strains were selected because they carry either the MOLF/Ei alleles at Ity3.1 (Ity3.RecG) or at Ity3.2 sub-locus (Ity3.RecN ), which result in an intermediate survival phenotype after infection with Salmonella typhimurium (16) . Ity, Ity3, Ity3.RecN, and Ity3.RecG mice show significant differences in spleen and liver bacterial burden by day 5 post-infection (16) . To evaluate primary defects in gene expression rather than differences due to high bacterial load, we selected day 3 as the time point to be studied because there was no significant difference in the spleen bacterial burden among the four strains of mice (16) . Therefore, any changes in gene expression will serve as an indicator for genes and pathways that are important in regulating the susceptibility to Salmonella infection and not a consequence of a difference in bacterial load within strains. Our aim was to identify transcriptional signatures common to both Ity3 and Ity3.RecG to define pathways controlled by the Ity3.1 locus and those similarly regulated by Ity3 and Ity3.RecN to identify transcriptional networks controlled by the Ity3.2 locus. We used two approaches to study the gene expression profiles ( Figure 1) .
As an initial approach, we studied the changes in splenic gene expression in each strain over time (Day 3-Day 0). Overall, 241 (Ity), 204 (Ity3), 218 (Ity3.RecG), and 201 (Ity3.RecN ) genes were differentially expressed during infection as defined by a cut-off of a fold change >2 and a p-value <0.1 (Tables S1A-D in Supplementary Material; Figure 1) . We identified 129 genes that were commonly and significantly regulated during infection in all four strains including a number of pro-inflammatory genes (Table S1E in Supplementary Material). The majority of these genes were chemokines, cytokines, and other immune related genes with a significant number of genes regulated by Type I and Type II IFN including several members of the Gbp family, Stat1, Usp18 as well as others that are known to be involved in Salmonella infection (7, 15) . These genes (Table S1E in Supplementary Material) define a transcriptional signature that is common during Salmonella infection and has been previously detected in different strains of mice during infection (15, 22) . Additional strain-specific genes regulated during infection were detected only in Ity (40 genes), Ity3 (20 genes), Ity3.RecN (62 genes), and Ity3.RecG (54 genes) (Tables S1F-I in Supplementary Material). A large number of differentially expressed genes specific to Ity mice (Table  S1F in Supplementary Material) were up-regulated in granulocytes and/or macrophages including S100a8 and S100a9 that are of particular interest as they are involved with expression of inflammatory mediators, phagocytosis, oxidative burst as well as migration of neutrophils and monocytes to the site of infection (23) . The gene Clec7a (dectin 1) was differentially regulated only in Ity. Recent work has linked dectin 1/Syk kinase signaling with autophagy-dependent maturation of phagosomes (24) .
In Ity3 mice, most genes that were differentially regulated were either expressed in macrophages or in megaerythrocyte precursors suggesting active extramedullary erythropoiesis in this strain (Table S1G in Supplementary Material). Interestingly, a large proportion (~40%) of genes specific to the strain Ity3.RecG are known to be down-regulated in B and T cells, as analyzed by BioGPS (25) (Table S1G in Supplementary Material). These data show the impact of Ity3 on the cellular composition of the spleen and/or changes in gene expression in specific cellular populations during infection. Very few genes were similarly regulated between Ity3 and the sub-congenic strains Ity3.RecG (4 genes), Ity3.RecN (7 genes), and Ity3.RecN and Ity3.RecG (4 genes) (Tables S1J-L in Supplementary Material).
We then used GeneGO (Thomson Reuters, NY, USA) to classify the genes differentially regulated in each strain (Tables S1A-D in Supplementary Material) into gene ontology (GO) molecular pathways, GO processes, pathways, and process networks, in order to identify the pathways differentially regulated in each strain during infection (Figure 2) . The strain Ity3.RecG appeared to have fewer genes involved in various pathways and processes related to chemokine and cytokine activity and immune response as demonstrated by the lower -log 2 (p-values). These results are consistent with previous observations of reduced inflammatory responses following in vivo Salmonella infection in Ity3.RecG mice (16).
Ity3.1 LOCUS INFLUENCES THE EXPRESSION OF GENES INVOLVED IN CELL-CYCLE REGULATION AND HEMATOPOIESIS
We have previously reported that Ncf2 is a strong candidate for the Ity3.1 locus (13). To further characterize the downstream impact of Ity3.1 and Ncf2 on gene expression, we analyzed the data by evaluating variation in gene expression between Ity3, Ity3.RecG, or Ity3.RecN, and the control strain Ity at day 0 and day 3 postinfection ( Figure 1B) . Interestingly, 12 genes located within the introgressed Ity3 region had lower expression levels in Ity3 and Ity3.RecG, compared to both Ity and Ity3.RecN. Figure 3A shows the box plot expression pattern of one of these genes and the list is provided in Table S2A in Supplementary Material. None of these genes were differentially regulated during infection in any of the sub-congenic strains. For some of these genes, the low levels of expression detected in mouse strains Ity3 and Ity3.RecG appear to be a consequence of poor hybridization of MOLF/Ei cDNA to microarray probes as a result of high genomic variability between the MOLF/Ei and C57BL/6J strains ( Figure S2 of evolution, and as a result they have accumulated significant sequence variability, to the order of 1 SNP every 100 bp (26, 27) .
A second set of genes showed similar patterns of up-regulation ( Figure 3B ; Table S2B in Supplementary Material) or downregulation ( Figure 3C ; Table S2C Another set of genes showed higher expression during infection only in strain Ity3 and Ity3.RecG (Figures 3D,E ; Tables S2D,E in Supplementary Material) as compared to Ity. In contrast to this grouping, the cluster of genes in Figure 3F exhibit lower expression levels in Ity3 and Ity3.RecG. Collectively, these groups of genes in Figures 3D-G (Tables S2D-G in Supplementary Material) exhibit a pattern of expression that is similar between Ity3 and Ity3.RecG, and the expression differences could not be attributed solely to the MOLF/Ei allele at chromosome 1, therefore, we can conclude that the expression differences are likely under the influence of the Ity3.1 locus.
Functional annotation of genes, which have an expression pattern similar between Ity3 and Ity3.RecG (Tables S2G-D strains. The sub-congenic strain Ity3.RecG shows a lower −log(p-value) for chemokine and cytokine receptor activity within the GO molecular pathways as well as lower −log(p-values) for response to bacteria in the GO processes. This is consistent with previous data suggesting that the Ity3.RecG mice have a diminished inflammatory response following infection compared to parental strains (16) .
in the list plays a role in cell cycle, DNA binding, cytoskeletal reorganization, and hemopoietic and lymphoid organ development (Table S3 in Supplementary Material) (19, 28) . Another major category of genes such as Ank1 and Uros are involved in heme metabolic process. These data are consistent with the observation that ROS control cell-cycle progression by influencing the presence and activity of cyclins and cyclin dependent kinases (29) and with a role for ROS in maturation and lifespan of erythroid cells (30, 31) .
Ity3.1 AFFECTS A GROUP OF GENES THAT ARE CO-EXPRESSED WITH Ncf2
In order to define the gene expression profile of the susceptible strains, we identified genes that had a similar pattern of www.frontiersin.org (C,D) , with the query genes being highlighted in black. Genes, which are known to be co-expressed, co-localized, have shared domains or predicted interactions with the list of genes in Table  S2I in Supplementary Material are shown. The functional categories, which are enriched within this gene list, are inflammatory response, angiogenesis, and integrin mediated signaling pathways shown in yellow, blue, and red, respectively. Genes that were not differentially expressed but important in these pathways are shown in gray. (D) Co-expression of query genes, as well as other genes within these pathways, with Ncf2 is shown.
functional categories (Figure 4C ) such as inflammatory response and regulation of angiogenesis. A large proportion of the genes were either co-expressed, co-localized, or have shared domains or predicted interactions with Ncf2 ( Figure 4D) . We have previously shown that the MOLF/Ei allele at the Ity3.1 locus contributed the strongest effect on susceptibility to Salmonella infection and was responsible for high bacterial burden and low ROS and cytokine production (16) . The fact that a number of genes differentially regulated in Ity3, Ity3.RecN, and Ity3.RecG strains, were co-expressed with Ncf2, supports the important contribution of the Ity3.1 locus on the pathogenesis of infection in MOLF/Ei and its interaction with the other sub-locus Ity3.2 to enhance the impact of Ncf2 on ROS production.
Selp IS A CANDIDATE GENE FOR Ity3. 2 We next studied genes showing a similar regulation pattern in Ity3 and Ity3.RecN to understand the pathways differentially regulated in Ity3.2 and identify potential candidate genes for the Ity3.2 locus. There were only 14 genes that showed a similar expression pattern in Ity3 and RecN (Figure 5) . Of these 14 genes, 12 are located on chromosome 1 and 6 genes (F5, Pbx1, Cacybp, Bc055342, Selp, and Vamp4) lie within the genomic region harboring Ity3.2 ( Table 1) . Sequence variations have been reported between the MOLF/Ei and C57BL/6J in coagulation factor F5, the cDNA BC055324 and selectin P (Selp). The coagulation factor V is synthesized by the liver and is involved in the acceleration of prothrombin to thrombin conversion (32) . Coagulation Factor V deficiency leads to a bleeding disorder associated with mild to severe hemorrhagic symptoms (33) . The cDNA BC055324 is poorly characterized and its function is not known. The Selp gene encodes for an adhesion molecule that mediates the recruitment of immune cells to the site of inflammation and is critical for the host immune response to infection making this gene an attractive candidate gene for Ity3.2.
We further evaluated the candidacy of Selp as the gene underlying Ity3.2 using sequence analysis and complementation assay in vivo. Selp encodes for a protein of 768 amino acids with a C-type lectin domain, an EGF domain and 8 complement control protein (CCP) modules [or as short consensus repeats (SCRs) functional domains]. We re-sequenced the coding region of Selp in C57BL/6J and MOLF/Ei mice and identified eight SNPs ( Table 2) , all of which are within the less homologous CCP domains, involved in protein recognition processes (34) . The amino acid proline at position 205 is well conserved across 12 mammalian species and P205S is only observed in the DBA sub-strains, which share MOLF/Ei ancestry for this region of the genome (mouse phylogeny viewer) (35) . In order to validate that the sequence variation in the MOLF/Ei Selp gene has an impact on susceptibility to infection with Salmonella typhimurium and to evaluate if Selp is indeed the gene underlying Ity3.2, we used an allelic complementation assay (see breeding scheme in Figure S1 in Supplementary Material). Ity (Selp B6/B6 ) and Ity3 (Selp MOLF/MOLF ) mice were crossed to Selp −/− knock-out mice and susceptibility to infection was assessed by survival analysis in F1 progeny with Selp MOLF/− and Selp B6/− genotypes. Selp MOLF/− mice were significantly more susceptible to infection than Selp B6/− mice and Ity controls ( Figure 6A ). We observed a lack of complementation in Selp MOLF/− mice with a mean survival time equivalent to Selp −/− animals (MST of 8.1 ± 0.18 and 8.3 ± 0.38, respectively), adding further support for the candidacy of Selp as the gene underlying the Ity3.2 locus (Figure 6A) . Although the Selp −/− mice showed a similar susceptibility compared to the Selp MOLF/− mice in terms of survival, their tissue bacterial burden was significantly lower when compared to Selp MOLF/− , Ity3, and RecG mice ( Figure 6B) suggesting that the Ity3.2 locus does not contribute significantly to the bacterial burden and that the high bacterial burden observed in Selp MOLF/− mice is rather the effect of the Ity3.1 locus.
DISCUSSION
The current study was specifically designed to understand the pathways that are influenced by the Ity3 locus using sub-congenic strains that exhibit different degrees of susceptibility to Salmonella infection. The global gene expression profile in the spleen was studied early during infection prior to a significant bacterial difference in the target tissue. This approach allowed us to identify networks, which are of importance in the early phases of innate immunity yet not influenced by the extent of bacterial burden in the spleen. We reported a group of genes, the majority of which are regulated by type I and type II IFN. These genes, such as the Gbp, Oas, Ifitm family members, are differentially regulated in all strains of mice during infection, and define a core transcriptional signature common to several strains of mice infected with Salmonella (15) .
Additionally, we characterized a number of genes not located within the Ity3 region that were differentially expressed in the susceptible Ity3, Ity3.RecG, and Ity3.RecN strains as compared to the resistant Ity strain. We showed that these genes are also coexpressed with Ncf2, further supporting the hypothesis that there 
is an influence of the Ity3.1 sub-locus on other segments of the genome. These results highlight the importance of the region of distal chromosome 1 carrying Ity3, a region enriched in QTLs. Over 80 QTLs are listed at the mouse genome database (36) and a number of cis and trans eQTLs have been characterized (37) . Among them, several QTLs are involved with complex inflammatory reaction, such as graft vs. host disease (38) lupus (39), modifier of LPS-response (40) , and susceptibility to tuberculosis (41) . We have reported previously that Ity3 influences ROS production during infection (13) and this effect was mapped recently to a small sub-region named Ity3.1, which harbors the gene Ncf2, a subunit of the NADPH complex. (16) . ROS produced by NADPH has been shown to affect a number of pathways, which are important in innate immunity including bacterial killing within the phagolysosome where ROS interact with other ions such as chloride to form toxic agents (HOCL) or can convert into hydroxyl radicals that are toxic for bacteria (42) . ROS production has also been shown to influence immune cell recruitment, activation, and survival (43) , and lead to translational activation of NF-κB (44) . NADPH oxidase derived ROS is also a key regulator of autophagy and autophagy regulation during pathogen invasion (45) . In addition, NADPH oxidase activation contributes to the recognition and removal of apoptotic neutrophils (efferocytosis) by macrophages (46) (47) (48) . Therefore, an imbalance in NADPH produced ROS can lead to increased inflammation, which can be deleterious to the host.
Recent studies have shown that TNF, as well as other cytokines through NF-κB signaling induces transient increase in ROS level in endothelial cells, which results in cell surface expression of Icam and Selp (49) (50) (51) (52) . This effect has further been studied in vivo, where mice lacking the p47 phox (Ncf1) subunit of the NADPH complex have reduced expression of VCAM-1, ICAM-1, SELP, and SELE in the vascular cell walls (53, 54) . In the current study, we identified Selp as a candidate gene for the locus Ity3.2 and used an allelic complementation assay to provide genetic evidences that Selp is indeed a strong candidate for the Ity3.2 locus. In MOLF/Ei mice susceptibility to infection as explained by the Ity3 locus could be attributed to the individual effect of Ity3.1 and Ity3.2 subloci but also to the cooperation between these two sub-loci as explained by the potential impact of low activity of NADPH oxidase (16) on Selp function by reducing its expression (current paper).
We also illustrated that mice carrying a MOLF/Ei allele at the Ity3.1 locus have higher expression of a number of genes playing a role in cell cycle, DNA binding, and cytoskeletal pathways. There is a growing body of evidence discussing the link between ROS, cell-cycle progress and arrest. As discussed by Martindale (55) , ROS can have multiple effects on the cell cycle, depending on the amount and type of ROS. They suggest that low doses of ROS may cause proliferation while high doses of ROS can lead to apoptosis and cell death. In our model, it is possible that reduced levels of ROS in susceptible animals could lead to cell growth arrest, hence providing a more favorable niche for bacteria to replicate.
Another pathway influenced by ROS production, is upregulated by Ity3.1 and regroups genes involved in heme biosynthesis. Increased expression of genes within the heme biosynthesis pathway could result in increased free heme within the cells, which can act as a potent cytotoxic pro-oxidant (56) . Free heme has also recently been shown to trigger necroptosis in macrophages (57). Therefore, it is possible that the increased expression of the heme biosynthesis pathway observed in susceptible mice is a mechanism that compensates for the low ROS levels.
In conclusion, our study highlights the complex nature of multi-loci interaction in the wild-derived MOLF/Ei response to Salmonella infection. We highlighted the role of low ROS and cytokine production in reduced survival of mice carrying the Ity3.1 locus, and the importance of the Ity3.2 locus, which synergistically led to increased susceptibly of the Ity3 mice. We have also shown that several pathways identified in strains Ity3, Ity3.RecN, and Ity3.RecG, are influenced by Ncf2. Furthermore, the Ity3.1 sub-locus has additional effects, which have not previously been characterized, in expression of genes involved in cell-cycle arrest and hematopoiesis. Lastly, we propose a hypothesis that the combined effects of low ROS production by the MOLF/Ei Ity3.1 locus together with the impact of Selp MOLF/Ei allele at Ity3.2 influences the host survival after infection with Salmonella typhimurium.
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